Food allergy (FA) prevalence data in infants and preschool-age children are sparse, and proposed risk factors lack confirmation. In this study, 19 children's day care centers (DCC) from 2 main Portuguese cities were selected after stratification and cluster analysis. An ISAAC's (International Study of Asthma and Allergies in Childhood) derived health questionnaire was applied to a sample of children attending DCCs. Outcomes were FA parental report and anaphylaxis. Logistic regression was used to explore potential risk factors for reported FA. From the 2228 distributed questionnaires, 1217 were included in the analysis (54.6%). Children's median age was 3.5 years, and 10.8% were described as ever having had FA. Current FA was reported in 5.7%. Three (0.2%) reports compatible with anaphylaxis were identified. Reported parental history of FA, personal history of atopic dermatitis, and preterm birth increased the odds for reported current FA. A high prevalence of parental-perceived FA in preschool-age children was identified. Risk factor identification may enhance better prevention.
Introduction
The concept of food allergy (FA) is related to an immune response directed toward food. 1 This definition encompasses immune responses that are IgE mediated, non-IgE mediated, or a combination of both, and it has been adopted by several international guidelines. [2] [3] [4] Food allergies can result in life-threatening reactions and diminish quality of life. 5 In the past several decades, the prevalence of FA has increased in several regions throughout the world. Although more than 170 foods have been identified as being potentially allergenic, a minority of these foods cause the majority of reactions, and common food allergens vary between geographic regions. 5 Food-induced anaphylaxis is a serious allergic reaction, with rapid onset that can cause death 6 and is the most common cause of anaphylaxis in children. [7] [8] [9] IgEmediated food-induced anaphylaxis involves systemic mediator release from sensitized mast cells and basophils. Published clinical criteria guidelines for defining anaphylaxis in children include an acute onset of illness and a combination of 2 or more clinical findings: mucocutaneous involvement, respiratory/cardiovascular compromise, and persistent gastrointestinal symptoms. 10 Determining the prevalence of FA is challenging and the double-blind, placebo-controlled food challenge is the most reliable indicator of FA. 5 However, using this challenge in prevalence studies is difficult because the format is time-consuming and not all foods are easily masked. 5 On the other hand, epidemiological data on parental-perceived food reactions are needed for predicting utilization of health care services. 11 As for FA in general, the risk of food-induced anaphylaxis in childhood also cannot be accurately assessed because there are minimal pediatric data and there are major methodological differences between available studies. 10 For example, some reports claim that the incidence of anaphylaxis is superior in children than in adults, 12 whereas others report that it is inferior. 13 Different approaches have been used to explore the epidemiology of anaphylaxis. As an example, in a survey of all French school children, it was estimated that 1 in 1000 have personalized anaphylaxis management plans. 14 Data about the prevalence of self-reported FA morbidity have been published, but the results are sparse and dissimilar. 11, [15] [16] [17] A US cross-sectional survey with 40 104 included children described a childhood prevalence of FA of 8.0%. 17 In a British cohort of 757 11-year-old children, a point prevalence of 11.6% in children aged 11 years and 12.4% in those aged 15 years was found. 15 A French questionnaire-based survey estimated a current prevalence of 6.8% in children aged 6 to 11 years and 3.4% in those aged 11 to 14 years. 16 The lifetime prevalence of perceived FA has been reported to vary from 2.4% to 12.4%. 16 Few studies are available in preschool-age children. Data from the previously cited US cross-sectional survey 17 identified a parental FA perception prevalence rate of 6.3% among the evaluated 5429 children, 0 to 2 years of age, and 9.2% in 5910 children, 3 to 5 years old. A Finnish study reports a combined lifetime prevalence of FA perceived by parents only and FA diagnosed by a physician of 30% among 1-to 4-year-old children. 18 A UK study reported a cumulative incidence of 26% for parental-perceived FA by 1 year of age and 34% for 3-year-old children, whereas the incidences of FA confirmed by controlled food challenges and "a clear convincing clinical history" were 3% and 5%, respectively. 19 Added to the impact of pediatric FA on public health, the number of children with FA seems to be increasing. 20 Assuming the FA prevalence increase, FA prevention through allergen avoidance during pregnancy, breastfeeding, and infancy has been seen as an effective public health policy to prevent allergies, although there is not much epidemiological data to support this. 21 Population-based epidemiological studies have generated numerous novel theories regarding risks, including modifiable factors such as components of the maternal and infant diet, obesity, and the timing of food introduction. 22 These theories also lack confirmation through other epidemiological studies.
The aims of the current study were to estimate the reported prevalence of FA in preschool-age children and to identify potential risk factors for FA.
Patients and Methods

Study Population and Design
This cross-sectional study was conducted in Portugal in the frame of the ENVIRH Project (Environment and Health in Children Day Care Centres). The ENVIRH Project aimed to evaluate the association between indoor air quality and children's health in day care centers (DCCs). In phase I of the project, 45 DCCs from Lisbon and Oporto were randomly selected after stratification by the parish. In phase II, 19 DCCs were sampled after a cluster analysis based on indoor air quality. At both phases, convenience samples of children attending the selected DCCs were recruited. This article presents data related to phase II only.
ENVIRH study was approved by the Ethics Commission of Faculdade de Ciências Médicas, Universidade Nova de Lisboa. The database was registered and approved by the Portuguese Data Protection Authority (CNPD). Parents were informed about the ENVIRH study and gave signed consent.
FA and Anaphylaxis Assessment
In the frame of the ENVIRH Project, a children's health questionnaire, derived from the ISAAC's (International Study of Asthma and Allergies in Childhood) questionnaire, was handed out to all children who attended the selected DCCs and was completed by the parents (n = 2228). This questionnaire included additional information regarding FA to assess its reported prevalence and potential risk factors. The clinical outcome measures were reporting either ever having had a FA reaction, having current FA, or having had anaphylaxis. Anaphylaxis was defined according to the EAACI position paper about management of anaphylaxis in childhood: acute onset after food exposure (<30 minutes), skin and/or mucocutaneous involvement, and at least 1 manifestation of respiratory compromise or cardiovascular dysfunction. Individuals could have any one of the above-listed symptoms along with persistent gastrointestinal symptoms (vomiting).
Two simple questions covered whether the child had ever had an allergic reaction to foods ("Have you ever had a food allergy reaction?") and if he or she was still allergic at the moment the questionnaire was provided ("Is your son still allergic to that food?"). If this was the case, the type of offending food could be reported in a multiple option question (options were milk, egg, fish, chocolate, orange, soy, wheat, peanut, strawberry, peach, nuts, shellfish, and kiwi and a free field for others). Questions for characterization of the FA clinical reaction to the first offending food were also asked: age of first reaction, chronology of the reaction, clinical symptoms, number of reactions, and if the child already tolerates the food.
Statistical Analysis
The prevalence of clinical outcomes was estimated in the sample as the point prevalence with its 95% confidence intervals (95% CIs). An exploratory analysis of other variables of interest (gender, age, atopic dermatitis, birth weight <2.5 kg, gestational age at birth <37 weeks, cesarean birth delivery, breast-feeding history, parental education, and parental history of FA) was carried out. Logistic regression models were used to explore potential risk factors for current FA. Crude regression coefficients and corresponding odds ratios (ORs) were first calculated. Adjusted ORs were obtained by multivariable logistic regression models. Variables associated with the clinical outcome measures (P < .25) in the univariable analyses were included in the models. Crude and adjusted ORs were calculated with 95% CIs. A level of significance of α = .05 was considered. Statistical analysis was performed using SPSS (Statistical Package for the Social Sciences; SPSS Inc, Chicago, IL) version 20.0, for Windows.
Results
From the 2228 distributed questionnaires, 1225 (55.0%) were returned and 1217 (54.6%) included in the analysis. The overall mean age was 3.5 (standard deviation = 1.5) years; 466 (38.3%) were 0 to 3 years old and 751 (61.7%) were 4 to 6 years old. There were 637 (52.3%) boys in the sample. No statistical differences either for gender or age were found between responders and nonresponders. Table 1 summarizes children's sociodemographic characteristics.
Reported FA Prevalence
In total, 131 children (10.8%; 95% CI = 9.1%-12.6%) were reported as ever having had a FA reaction and 70 (5.7%; 95% CI = 4.6%-7.2%) as having current FA. In Table 2 , we summarize reported FA prevalence by age group.
Globally, the most commonly reported offending foods were milk (2.8%), strawberry (2.3%), chocolate (1.4%), egg (1.0%), and shellfish (0.7%). In 37 cases, the reported food was not prespecified in the questionnaire. Table 3 presents the reported prevalence of each food by age group.
The clinical pattern of the reactions to the first eliciting food was also evaluated. The median age at the first reaction was 12 months (P 25 -P 75 : 6-24 months). The reaction was reported as having had acute onset (0-2 hours after exposure) in 55% of the cases (28.4% in the first 30 minutes); late reactions (more than 2 hours) were reported in 45% of the cases. Mucocutaneous involvement was reported in 70% of the events, gastrointestinal in 30%, and respiratory symptoms in 4%. Detailed evaluation of mucocutaneous manifestations revealed that 59% of the patients had rash, 21% pruritus, and 12% angioedema. Gastrointestinal manifestations were diarrhea in 22% of the patients, vomiting in 14% and abdominal pain in 12%.
Three (0.2%) children with reports compatible with anaphylaxis were identified (95% CI = 0.09%-0.7%). 
Discussion
The current study estimated a lifetime prevalence of parental perceived allergic reactions to food of 10.8% and a current prevalence of 5.7%. Data on FA surveys in infants and preschool-age children are scarce, 23, 24 in contrast to that for other allergic diseases. Compared with the previously mentioned published studies from children of the same age group, 18, 19 a considerably lower value of parental perceived FA was found. A possible explanation for this could be geographical differences in reporting FA. McBride et al, 25 describing the baseline characteristics of the EuroPrevall cohort, reported that self-report of FA among mothers of children enrolled from Germany (30%), Iceland, the United Kingdom, and the Netherlands (all 20%-22%) was considerably more common when compared with those from Italy (11%), Lithuania, Greece, Poland, and Spain (all 5%-8%). The differences in siblings were not as pronounced as in parents but had a similar pattern. 25 Another possible explanation is a real difference in FA prevalence between countries. In adults, differences in FA prevalence confirmed by oral food challenge have been observed. 26 Previously, it was speculated that genetic, cultural, and dietary habits could be possible reasons. 11 The estimates in the current sample were similar to those described in other southern European coun tries. 11, 25 The rising prevalence from the 0-to 3-year-old group to the 4-to 6-year-old group has been previously described. 17 The prevalence of childhood FA in Portugal had been previously estimated at 8.5%. 27 However, this study included children <18 years old referred to an allergy outpatient clinic, some of them with the diagnosis based on clinical history and skin prick tests and some by oral food challenge. Community parentalreporting questionnaires, in contrast to specialized clinic studies, are important tools to assess the burden caused by food reactions on health care services, and the current study provides new data regarding this. Interestingly, the present study found a low prevalence rate of peanut allergy (0.5% in the total population), different from what has been described in other countries such as the United States, 17 France, 16 and Italy. 11 The reported prevalence of patients identified with presumably food-induced anaphylaxis (0.2%; 95% CI = 0.09%-0.7%) is relatively high when compared with other studies. 13, 14, 28 This finding was unexpected because the criteria used for defining anaphylaxis 10 were definitely stringent. For children with potentially life-threatening food allergies, the school environment can present significant management challenges. A substantial proportion of FA reactions occur in school, and these reactions can be fatal. 29 Over a 2-year period, schools can expect that approximately 18% of students with food Reported eliciting foods were milk in one case, fish in another, and kiwi in the third.
Factors Associated With FA
The factors that were significantly associated with reported current FA in the univariable analysis were parental history of FA, personal history of atopic dermatitis, and preterm birth (<37 weeks of gestational age). In the multivariable analysis, all these variables remained significant in the final model, adjusted to age. Other analyzed factors considered nonsignificant were age, gender, parental education, breastfeeding, Cesarean delivery, parental smoking, and birth weight. Table 4 describes the studied potential risk factors for FA and the corresponding ORs. allergies will have at least 1 reaction in school. 30 Therefore, proper prevention and preparedness to act are essential, and it is important to work with parents to identify the guidelines and resources available at the child's school. In this study, reported FA diagnosis was associated with reported parental history of FA, personal history of atopic dermatitis, and preterm birth. Family history of atopic diseases has been described as a known risk factor for FA. 5 Although it is unlikely that genetic risk factors could account for the recent increase in FA, it is nevertheless likely that there are genetic predisposing factors in their development. More recent studies suggest important gene-environment interactions in the development of food sensitization. 21 The association found between FA and atopic dermatitis has already been described. 21,22 A possible explanation for this association, the dual-allergen exposure hypothesis, has been previously proposed. Allergic sensitization results from cutaneous exposure, and tolerance occurs as a result of oral exposure to food. 21 The association between FA, preterm birth, and low birth weight has been previously explored. 31, 32 A recent study proposed that the increased risk of FA among pretermborn children is predominantly because of an effect of being born preterm rather than because of low birth weight. 31 This finding is also confirmed by our study, in which preterm birth was associated with an increased risk of FA. One possible explanation for this association is the finding that preterm babies have an immature intestine that allows higher gut permeability, resulting in increased absorption of antigens that are presented to the resident immune cells within the wall of the gut. 33, 34 In clinical practice, the identified risk factors can lead to improved prevention efforts for these populations.
The current study has limitations related to the known difficulties in doing epidemiological studies about FA. 22 A parental-perceived FA questionnaire may cause misclassification error, and this could explain the high prevalence of reported FA to some foods-namely, strawberry and chocolate. Despite this, milk and egg allergy were among the top reported food allergies in this study, as previously described for children in general. 17 Also, this misclassification error may be a possible explanation for the relatively high ratio of acute onset reactions. Previous studies 35, 36 in different populations have shown that only about 10% of the parental-reported cases have their allergy confirmed by oral food challenge. Another important potential source of bias could arise from nonresponders, but no differences between responders and nonresponders regarding age and gender were found, and the response rate was high, comparable to those in previously published studies. 11, 18 On the other hand, despite these potential limitations, the main strength of this study is the large sample of evaluated children and the community-based criteria used to recruit the sample. Additionally, the strengths of our study are related to the evaluation of different characteristics of children.
In conclusion, a considerably high prevalence of parental-perceived FA in preschool-age children was observed. From a public health perspective, this crosssectional survey reinforces the burden of this disease in our society. The impact of FA on quality of life, parental and school stress, nutritional consequences of unnecessary restrictive diets, and the expenditure incurred by health care resources supports the increased need for allergy-specialized health care professionals and facilities. More accurate management of FA will increase society and individual levels of care, especially for patients with more severe forms of disease. Proper identification of risk factors for FA can lead to better prevention strategies in high-risk children.
